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Abstract.  Intracerebroventricular  (icv)  injection  of  endogenous  pyrogen  (EP)  into  rats 
causes  dose-related  fever.  To  compare  this  procedure  with  the  usual  assay  method,  iv 
injection  into  rabbits,  a  preparation  of  crude  rabbit  EP  was  titrated  by  both  methods.  The  rat 
icv  injection  procedure  gave  results  similar  in  linearity  and  magnitude  of  response  to  the 
conventional  rabbit  iv  method,  but  was  found  to  be  at  least  50-fold  more  sensitive.  The  icv 
assay  worked  for  human  as  well  as  rabbit  F.P  and  for  partially  purified  as  well  as  crude 
preparations.  Plasma  from  human  or  animal  sources  did  not  interfere.  The  rat  icv  and  rabbit 
iv  assay  methods  were  also  compared  in  their  ability  to  detect  a  pyrogen  in  filter-sterilized 
plasma  from  rats  infected  with  the  live  vaccine  strain  (LVS)  of  Fruncisella  tularensis.  The 
rat  icv  method  gave  fevers  of  I  with  0.05-ml  samples  of  the  filtered  plasma  from  infected 
rats,  but  no  fever  with  plasma  from  control  rats.  The  pyrogen  was  partially  purified  from  the 
infected  rat  plasma.  It  was  found  to  be  heat  labile  and  nondialyzable.  and  was  tentatively 
identified  as  rat  EP.  The  less  sensitive  rabbit  assay  was  unable  to  detect  the  plasma  pyrogen, 
using  0.05-  and  I  00-ml  samples.  These  observations  suggest  that  icv  injection  into  rats  is  a 
useful  and  sensitive  assay  method  for  EP.  particularly  when  only  small  volumes  are  avaij 
able  for  testing. 
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Fever  in  infected  mammals  has  been  at¬ 
tributed  to  the  release  of  endogenous  pyro¬ 
gen  (EP)  into  the  bloodstream  and  its  sub¬ 
sequent  action  upon  the  hypothalamic  re¬ 
gion  of  the  brain  (1).  EP  affects  the 
temperature-regulating  neurons,  resulting 
in  an  alteration  of  the  ■  set-point  "  for  body 
temperature  (2).  Endogenous  pyrogen  is  a 
small  (15.000  dalton)  heat-labile  protein 
produced  upon  stimulation  of  phagocytic 
cells  (3). 

Its  biological  activity  is  currently  de¬ 
tected  by  two  methods:  a  well-established 
rabbit  bioassay  (4)  and  a  newly  introduced, 
sensitive  mouse  bioassay  (5).  The  much 


'  In  conducting  the  research  described  in  this  report, 
the  investigator  adhered  to  the  "Guide  for  (he  Care 
and  Use  of  Laboratory  Animals."  as  promulgated  by 
the  Committee  on  Care  and  Use  of  Laboratory  Ani¬ 
mals  of  the  Institute  of  Laboratory  Animal  Resources, 
National  Research  Council.  The  facilities  are  fully 
accredited  by  the  American  Association  for 
Accreditation  of  Laboratory  Animal  Care.  The  views 
of  the  author  do  not  purport  to  reflect  the  positions  of 
the  Department  of  the  Army  or  the  Department  of 
Defense.  A  portion  of  this  work  was  presented  at  the 
1979  annual  meeting  of  the  federation  of  American 
Societies  for  Kxperimental  Biology  and  Medicine. 


greater  sensitivity  observed  with  the  mouse 
assay  compared  to  the  rabbit  method  is 
offset  by  the  fact  that  it  is  not  quantitative 
except  for  a  narrow  range  of  EP  concentra¬ 
tions.  This  is  unfortunate  because  the  more 
sensitive  the  assay,  the  lower  the  con¬ 
centration  at  which  the  pyrogen  can  be 
detected.  Furthermore,  less  material  is 
used  per  assay,  so  that  EP  supplies  can  be 
conserved.  Intracerebroventricular  (icv) 
administration  of  small  volumes  of  crude 
rabbit  EP  has  been  shown  (6)  to  result  in 
hyperthermia  in  rats.  An  attempt  was 
therefore  undertaken  to  quantitate  this  ef¬ 
fect  and  determine  its  usefulness  for 
measuring  EP.  The  results  reported  here 
indicate  that  icv  injection  in  rats  is  a  sensi¬ 
tive.  quantitative  assay  method  for  EP  ac¬ 
tivity  with  distinct  advantages  over  both 
mouse  and  rabbit  bioassays. 

Materials  and  Methods.  Cannulas, 
guide  cannulas,  dummy  inserts,  cranio- 
plastic  cement,  and  mounting  screws  were 
obtained  from  Plastic  Products  Company, 
Roanoke,  Virginia.  Guide  cannulas  were 
implanted  into  male  Fisher -Dunning  rats 
(200-225  g)  as  described  by  Bailey  el  at. 
(61.  Injections  were  performed  using  sterile, 
pyrogen-free,  l-mi  plastic  syringes,  nee- 
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dies,  and  polyethylene  tubing.  The  plastic  strain  (LVS)  of  Francisella  lularensisl  100  g 
syringe  was  mounted  in  a  “stepper”  auto-  body  wt.  were  injected  ip  into  male 
matic  dispenser  (PGC  Scientific  Corp.,  Fisher- Dunning  rats.  Control  rats  received 
Rockville,  Md.).  Aliquots  of  20-50  /u.1  of  heat-inactivated  LVS  F.  tularensis.  The 
samples  containing  EP  or  heat-inactivated  heat  inactivation  was  performed  at  56°  for  1 
EP(100°,  10  min)  were  injected  through  the  hr,  and  the  bacteria  viability  was  checked 
cannula.  by  culture.  The  control  rats  displayed  no 

Rectal  temperatures  were  recorded  with  fever  or  other  symptoms  of  illness  following 
a  700-series  thermistor  probe  (Yellow  inoculation.  Details  on  the  growth  and  cul- 
Springs  Instrument  Co.,  Yellow  Springs,  ture  of  this  bacterial  strain  were  described 
Ohio),  inserted  6.5  cm  into  the  rectum,  and  previously  (10,  1 1).  Heparinized  blood  was 
a  Model  5650  digital  thermometer  (Markson  collected  24  hr  after  the  injection  by 
Science  Inc.,  Del  Mar,  Calif.).  anesthetizing  the  rats  lightly  with  halo- 

The  rabbits  used  for  bioassay  were  ac-  thane,  opening  the  thoracic  and  abdominal 
climated  and  treated  as  described  by  Mapes  cavities,  and  removing  1-2  ml  of  blood 
and  Sobocinski  (7).  Only  those  which  ex-  from  the  heart  using  a  needle  and  syringe 
hibited  stable  baseline  temperatures  and  containing  approximately  20  units  heparin, 
showed  no  febrile  response  to  iv  injection  The  blood  was  then  centrifuged  at  10,000# 
of  1  ml  physiological  saline  were  used  for  for  1  min  with  a  Beckman  microfuge,  and 
these  studies.  the  plasma  was  removed  with  a  syringe  and 

Crude  rabbit  pyrogen  was  prepared  from  passed  through  a  0.22-/am  filter, 
glycogen-induced  peritoneal  exudates  ( 1  x  Results.  Intracerebroventricular  injec- 
108  cells/ml)  (8).  Human  EP  was  prepared  tion  of  50  jil  of  crude  rabbit  pyrogen  from 
from  cultured  U937  cells,  as  described  by  peritoneal  exudates  into  rats  results  in  sig- 
Bodel  et  al.  (9).  Endotoxin  was  measured  niflcant  fever  by  2  hr,  as  indicated  in  the 
by  the  Limulus  amebocyte  lysate  (LAL)  typical  results  shown  in  Fig.  1 .  Control  rats 
procedure,  using  a  kit  from  Microbiological  injected  icv  with  50  /u.1  of  either  saline  or 
Associates,  Walkersville,  Maryland.  Gel  heat-inactivated  rabbit  pyrogen  showed  a 
filtrations  were  done  using  a  2.5  x  40-cm  similar  lack  of  response, 
column  of  Bio-Gel  P-60  with  normal  saline  Figure  2  shows  results  of  the  rat  icv  assay 
buffered  at  pH  7.4  with  0.01  M  sodium  system  compared  with  results  for  the  rabbit 
phosphate  as  the  eluant  and  equilibration  iv  assay.  Both  groups  of  assay  animals  re¬ 
buffer.  ceived  dilutions  of  the  same  preparation  of 

In  the  study  with  infected  rats,  107  rabbit  EP.  The  data  for  the  rabbit  model  are 
colony-forming  units  of  the  live  vaccine  in  good  agreement  with  literature  values 
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Fig.  I.  Temperature  response  of  rats  to  EP.  The  mean  rectal  temperatures  ±  SEM  are  plotted  for 
groups  of  four  rats  injected  icv  with  50  nl  of  the  samples  indicated. 
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Fit;.  2.  Comparison  of  HP  assay  procedures.  The 
increase  in  lemperalure  caused  by  iv  injection  of  HP 
into  rabbits  (□)  or  icv  injection  into  rats  (#1  is  plotted 
against  the  number  of  cells  which  produced  the  EP 
dose  injected.  Both  models  used  EP  from  the  same 
preparation  of  glycogen-stimulated  rabbit  peritoneal 
exudate  cells.  The  data  are  mean  ±  SEM.  n  ■-  5.  for 
the  rat  study  and  n  -  2  for  the  rabbit  study. 

(12,  13).  Individual  temperature  determina¬ 
tions  for  each  rat  and  rabbit  were  examined 
by  analysis  of  variance,  and  the  elevations 
of  the  two  assay  lines  were  found  to  differ 
significantly  (P  <  0.001).  As  can  be  seen, 
approximately  100-fold  less  EP  is  required 
for  a  P  rise  in  temperature  with  the  rat 
assay  system  than  the  rabbit  system.  Table 
I  shows  that  human  as  well  as  rabbit  EPcan 
be  measured  by  the  icv  assay  system,  in 
both  crude  and  partially  purified  states.  The 
partial  purification  was  by  gel  filtration; 
the  fractions,  combined  and  reconcen¬ 
trated  for  these  studies  (6000  -  20,000  dal- 
tons),  were  chosen  to  include  the  EP 
monomer  (15,000  daltons)  but  not  prosta¬ 
glandins  or  other  low-molecular-weight 
species.  Therefore,  since  the  fevers  in¬ 


duced  by  the  EP  preparations  before  and 
after  gel  filtration  are  comparable,  prosta¬ 
glandins  are  not  responsible  for  the  observed 
fevers.  Heating  the  EP  preparations  re¬ 
moved  their  pyrogenicity.  Taken  together, 
the  molecular  weight  range  and  the  heat  la¬ 
bility  of  the  EP  fractions  pooled  argue 
against  endotoxin  as  the  cause  of  the  fever 
in  the  assay,  and  in  fact,  the  endotoxin  con¬ 
centration  was  found  to  be  below  the  1 
ng/ml  detection  limit  of  the  Limulus  test. 

As  indicated  in  the  table,  human  plasma 
itself  did  not  cause  fever  in  the  assay  sys¬ 
tem.  Plasma  or  serum  from  other  sources, 
such  as  goat,  rabbit,  and  fetal  calf,  also 
produced  no  fever. 

The  reproducibility  of  the  icv  assay  on 
cannulated  rats  utilized  four  times  over  a 
1 -month  period  is  shown  in  Fig.  3.  In  this 
experiment,  three  dilutions  from  a  prepara¬ 
tion  of  crude  rabbit  EP  were  made  and 
stored  frozen  between  uses.  Following 
cannula  implantation  and  a  10-day  recovery 
period,  crude  EP  was  injected  icv  into  the 
rats.  Fifty-microliter  portions  of  each  dilu¬ 
tion  of  EP  were  administered  in  quadrupli¬ 
cate,  and  rectal  tenperatures  were  recorded 
hourly.  A  group  of  four  control  rats  were 
injected  icv  with  50  /xl  of  heat-inactivated 
EP.  This  was  repeated  on  each  of  the  fol¬ 
lowing  3  weeks.  The  data  plotted  are  the 
increases  in  temperature  of  the  rats  receiv¬ 
ing  rabbit  EPover  those  of  the  control  rats. 

A  7-day  period  was  allowed  between  in¬ 
jections  because  it  was  found  that  injections 
on  successive  days,  even  of  saline,  caused 
elevated  temperatures  during  the  second 
group  of  assays.  The  guide  cannulas  be¬ 
come  less  firmly  mounted  in  the  skull  ap- 


TABLF.  I.  Comparison  or  Rabbii  and  Hi  man  EP  Put  para i  ions 


Sample 

Purification 

Concentration 
(cell  equivalents/dose) 

Temperature 
change  ±  SEM 
(n  “  3) 

Rabbit  F.P 

Crude 

5  x  10" 

1.57  -  0.35 

Gel  filtered 

5  x  |0B 

1.07  ±  0.16 

Crude,  heated 

5  x  10" 

0.24  ±  0.22 

Human  EP 

Crude 

2  x  10" 

1.90  ±  0  .16 

Gel  filtered 

2  x  10" 

1.65  £  0.33 

Crude,  heaied 

2  x  10" 

0.42  i  0.22 

Human  plasma 

Crude 

NA 

0.29  ±  0.31 
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Fig.  3.  Repeatability  of  icv  assays.  The  increase  in 
mean  rectal  temperature  of  groups  of  four  rats  injected 
icv  with  three  dilutions  of  EP  above  the  temperature  of 
a  group  receiving  heat-inactivated  EP  is  plotted  as  a 
function  of  the  number  of  cells  which  produced  the 
50-/il  EP  dose  injected.  The  standard  error  on  each 
point  is  ±0.2°. 


proximately  6  weeks  following  implantation 
and  the  rats  must  be  killed  at  that  time. 

An  experiment  was  performed  with 
plasma  from  LVS  F.  f/r/aren.si.v-infected 
rats  to  determine  if  the  icv  assay  is  sensitive 
enough  to  detect  circulating  EP.  LVS  F. 
tularensis  infection  in  rats  has  been  well  de¬ 
scribed  (10,  11).  With  a  107  bacteria/100  g 
body  wt  dose  injected,  a  sustained  fever 
began  at  12  hr  after  inoculation,  reaching  1° 
at  24  hr  and  2°  at  48  hr.  This  dose  is  10% 
fatal  at  36  hr,  and  the  infected  rats  rarely 
survive  to  72  hr.  The  control  rats  receiving 
heat-killed  F.  tularensis  did  not  develop 
fevers  or  become  ill. 

Samples  (50  p\)  of  filter-sterilized  plasma 
from  infected  and  control  rats  were  injected 
into  two  groups  of  10  cannulated  rats.  As 
shown  in  Fig.  4,  the  plasma  from  the  in¬ 
fected  rats  produced  a  significantly  greater 
fever  than  did  that  of  the  control  rats.  The 
plasma  was  shown  not  to  contain  endotoxin 
by  the  icv  bioassay,  since  the  pyrogen  was 
found  to  be  heat  labile,  and  to  give  rise  to  a 
fever  pattern  typical  of  EP  rather  than  en¬ 
dotoxin.  Any  endotoxin  present  in  the 


HOURS 

Fig.  4.  Assay  for  circulating  EP  Mean  rectal  tern 
perature  ±  SEM  of  a  group  of  It)  rats  receiving  50  *il 
icv  of  plasma  from  LVS  F.  tularensis- infected  rats  <■) 
and  a  group  of  10  rats  receiving  50  r>l  plasma  from 
c.introl  rats  injected  with  heat-killed  LVS  /  tularenu t 
(A)  are  plotted  as  a  function  of  time.  The  plasma  was 
taken  24  hr  after  the  rats  were  injected.  The  signifi¬ 
cance  vs  control  values  was  determined  by  Student's 
paired  i  test. 


plasma  was  below  the  1  ng/ml  detection 
limit  of  the  Limulus  amebocyte  lysate  test. 

Such  a  trace  amount  of  endotoxin  is  not 
detectable  by  the  icv  bioassay.  For  exam¬ 
ple,  a  sample  of  rabbit  EP  found  to  contain 
endotoxin  at  a  concentration  of  about  5 
ng/ml  by  the  Limulus  test  gave  a  fever  of 
1.7°  (±0.3  SD)  2  hours  after  icv  injection 
into  rats,  of  which  the  endotoxin  contribu 
tion  was  found  to  be  0.37°  ( ±0.15),  by  com¬ 
parison  with  heat-treated  controls. 

As  previously  reported  (15).  filter- 
sterilized  plasma  from  this  group  of  infected 
rats  has  been  partially  purified  by  affinity 
chromatography  and  dialyzed,  with  reten¬ 
tion  of  all  its  pyrogenicity.  This  argues 
against  the  possibility  that  serum  con¬ 
stituents  other  than  EP,  especially  pros¬ 
taglandins  and  other  small  molecules,  are 
responsible  for  the  fevers  induced  by  the 
plasma.  Serum  samples  that  had  been  fro- 
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zen  for  6  months  before  assaying  gave  re¬ 
sults  similar  to  those  shown  in  Fig.  4  for 
fresh  serum  (data  not  shown). 

Table  2  shows  the  results  of  experiments 
comparing  the  rat  icv  bioassay  with  the 
rabbit  iv  bioassay  in  measuring  the  rat 
plasma  pyrogen.  Assay  rats  receiving  50  jil 
of  filter-sterilized  plasma  from  infected  rats 
subsequently  had  rectal  temperatures  more 
than  1°  higher  than  those  of  control  assay 
rats  receiving  identically  treated  control 
plasma,  or  heated  plasma  from  infected 
rats.  A  50-/xl  dose  of  the  filter-sterilized 
plasma  from  the  infected  and  control  rats 
injected  iv  into  assay  rabbits  produced  no 
temperature  change  over  the  subsequent  3 
hr.  The  dose  was  then  increased  20-fold  by 
injection  of  1  ml  of  the  plasma  samples, 
with  the  plasma  from  infected  rats  causing  a 
temperature  rise  of  only  0.1  to  0.4°  above 
the  control.  To  show  that  these  rabbits 
were  capable  of  giving  a  positive  response 
to  endogenous  pyrogen,  10*  cell  equivalents 
of  crude  rabbit  EP  were  administered  iv  3 
days  later,  and  found  to  produce  1°  of  fever 
in  the  assay  rabbits. 

Discussion.  The  previously  reported  in¬ 
formation  that  icv  injection  of  small  quan¬ 
tities  of  rabbit  enodgenous  pyrogen  into 
rats  causes  hyperthermia  (6)  was  confirmed 
in  this  study  and  extended  to  show  that  it 
can  be  useful  as  a  sensitive  assay  method 
for  EP. 

The  experiments  dealt  with  human  and 
rabbit  EP  preparations  and  with  a  pyrogen 
in  the  plasma  of  F.  tM/«r<’n.«'i-infected  rats. 


Evidence  that  the  fever-inducing  material 
used  in  these  experiments  was  EP  and  not 
endotoxin  includes  its  heat  lability,  the  ap¬ 
pearance  of  fever  at  2  hr  rather  than  at  the  4 
hr  expected  for  endotoxin,  and  the  fact  that 
endotoxin  was  not  detected  in  any  of  the 
samples  by  the  Limulus  amebocyte  lysate 
assay.  Testing  of  gel-filtered  EP  prepara¬ 
tions  indicated  that  the  substance  the  icv 
assay  was  measuring  had  the  approximate 
15,000-dalton  molecular  weight  expected 
for  EP.  Partial  purification  of  the  pyrogenic 
material  in  the  rat  plasma  used  in  these  ex¬ 
periments  has  been  reported  (15).  The  evi¬ 
dence  indicates  that  the  rat  plasma  pyrogen 
binds  affinity  material  in  the  same  manner 
as  EP  from  human  and  rabbit  sources  do, 
and  that  it  is  not  removed  by  dialysis.  Be¬ 
cause  of  the  gel  filtration  and  dialysis  evi¬ 
dence.  prostaglandins  and  other  low- 
molecular-weight  substances  in  either  the 
pyrogen  preparations  or  the  plasma  are  un¬ 
likely  to  be  responsible  for  the  observed 
fevers. 

The  results  show  that  the  icv  assay  was 
nearly  two  orders  of  magnitude  more  sensi¬ 
tive  than  the  conventional  assay  procedure: 
i.e..  iv  injection  of  rabbits.  The  mouse  iv 
assay  method  is  also  reported  (5)  to  be  very 
sensitive,  measuring  1(P  cell  equivalents  of 
EP.  Unfortunately,  it  has  the  drawback  of 
being  restricted  both  in  the  magnitude  of 
the  temperature  changes  generated  (0-0.5°) 
in  response  to  EP  and  in  the  range  of  con¬ 
centrations  over  which  the  assay  is  func¬ 
tional. 


TABLE  II.  Comparison  oi  Tpmppraiuri  Changes  Induced  by  Pi  asma  in  Rai  and  Rabbii  Assays 


Plasma  sample 
(«> 

Volume  injected 
(ml) 

Temperature  change 
(mean  °C  ±  SEM) 

Rat  Assay 

Infected  (4) 

0.05 

1.65  ±  0.17 

Control  (4) 

0.05 

0.30  ±  0.20 

Heated  (4) 

0.05 

0.29  ±0.12 

Rabbit  Assay 

Infected  (2) 

0.05 

-0.24,  -0.48 

Control  ( 1 ) 

0.05 

-0.11 

Infected  (2) 

1.00 

0.29.  0.61 

Control  (I)  . 

1.00 

0.22 

Rabbit  EP(I0"  cell 

equivalents)  (3) 

1.00 

1.10  ±  0.17 

RAT  ICV  ASSAY  FOR  F.P 


1! 


The  cannulated  rats  have  been  used  four 
times  over  a  I -month  period  following  re¬ 
covery  from  surgery,  with  good  reproduci¬ 
bility  of  fever  response.  They  can  be  kept  in 
individual  cages  under  normal  animal  labo¬ 
ratory  conditions,  in  contrast  to  the  35°  in¬ 
cubators  required  for  assays  with  the 
mouse  iv  procedure  (5).  The  amount  of 
space  required  was,  of  course,  much  less 
than  that  for  an  equal-sized  rabbit  colony. 

The  sensitivity  of  the  rat  icv  assay  has 
allowed  the  detection  of  a  pyrogen  in  the 
serum  of  F.  /o/rrrrti.v/.v-infected  rats  at  levels 
far  less  than  could  be  seen  with  the  rabbit 
assay.  A  1.65°  fever  was  induced  in  the  rat 
assay  system  by  0.05  nl  of  the  plasma. 
Neither  0.05  or  1.00  ml  produced  significant 
fever  when  the  same  sample  was  used  in  the 
conventional  rabbit  assay.  Results  with 
different  infections  reported  in  the  litera¬ 
ture  (11,  14.  16)  indicate  that  10  ml  is  nor¬ 
mally  injected  for  the  observation  of  EP  in 
serum  samples  using  ihe  rabbit  assay. 

Initial  steps  weie  taken  which  suggest 
that  this  assay  method  could  be  extended  to 
clinical  samples;  human  EP  was  found  to  be 
measurable  by  this  method  and  human 
plasma  did  not  interfere  with  the  results. 
Goat  plasma,  rabbit  serum,  and  fetal  calf 
serum  were  also  tested  and  found  not  to 
interfere  with  the  assay. 

A  radioimmunoassay  (R1A)  for  human 
EP  has  been  developed  ( 13)  which  provides 
a  sensitive  means  of  measurement,  al¬ 
though  it  remains  to  be  demonstrated  that  it 
can  detect  circulating  EP.  This  assay, 
which  is  a  solid-phase  method,  detected  EP 
in  concentrations  as  low  as  0.01  to  0.1  rab¬ 
bit  pyrogen  doses  A  rabbit  pyrogen  dose  is 
defined  as  a  rise  of  0.6-0. 9°  in  rectal  tem¬ 
perature  following  iv  injection.  A  similarly 
defined  icv  rat  pyrogen  dose  would  be  at 
least  50  times  less  than  a  rabbit  pyrogen 
dose.  A  0.01  rabbit  dose  should  therefore 
cause  a  fever  of  0.3°  or  more  in  rats  by  the 
icv  method.  Thus,  the  lower  limits  of  both 
the  published  solid-phase  RIA  and  the  rat 
icv  assay  were  similar.  It  is  probable  tha 


more  refined  RIA  methods  can  detect  much 
lower  EP  concentrations.  However,  be¬ 
cause  of  the  difficulties  and  cost  of  prepar¬ 
ing  reagents  for  the  RIA,  and  especially 
considering  the  lability  of  the  EP  itself,  the 
rat  icv  model  remains  a  viable  alternative 
EP  assay  procedure.  This  is  especially  true 
if  the  experimenter  wants  to  be  suii  the 
material  he  is  testing  is  biologically  active 
pyrogen. 

The  technical  assistance  of  Mr.  Charles  Matson  and 
especially  Mr.  Berthony  Ladouceur.  who  implanted 
the  cannulae.  is  gratefully  acknowledged. 
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